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Abstract:  Inflammatory bowel disease comprises a group of conditions 

characterized by idiopathic inflammation of the gastrointestinal tract. 

The natural course of disease can range from an indolent course with 

prolonged periods of remission to aggressive, incapacitating disease. 

Predicting which patients are more susceptible to developing severe 

disease is important, especially when choosing therapeutic agents and 

treatment strategies. This paper reviews current evidence on the main 

demographic, clinical, endoscopic, histologic, serologic, and genetic 

markers that predict aggressive inflammatory bowel disease. In ulcer-

ative colitis, we considered disease to be aggressive when patients had 

a high relapse rate, need for admission and/or surgery, development of 

colon cancer, or extraintestinal manifestations. We defined aggressive 

Crohn’s disease as having a high relapse rate, development of penetrat-

ing disease, need for repeat surgery, or multiple admissions for flares. 

In Crohn’s disease, involvement of the upper gastrointestinal tract and 

ileum, penetrating disease, early age at diagnosis, smoking, extensive 

ulceration of the mucosa, high titers of serum antibodies, and muta-

tions of the NOD2 gene are markers of aggressive disease. In ulcerative 

colitis, patients with more extensive involvement of the colon (panco-

litis) have more symptomatology and are at higher risk for needing a 

colectomy and developing colon cancer. Also, plasmocytic infiltration of 

the colonic mucosa and crypt atrophy predict treatment failure. As with 

diagnosis, no single method can predict disease aggressiveness. Multiple 

serologic and genetic tests are being developed to refine the accuracy 

of prediction. Endoscopic findings can also predict the future course of 

disease. At present, clinical manifestations are the most useful way to 

make therapeutic decisions.

Inflammatory bowel disease (IBD) comprises a heterogeneous 
group of conditions affecting the gastrointestinal tract; Crohn’s 
disease (CD) and ulcerative colitis (UC) are the 2 main recog-

nized entities. The course of the disease is variable, as some patients 
have an indolent course with long periods of remission, while others 
present with much more aggressive disease. Lack of response to cur-
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rently available treatments can affect quality of life and 
increase patients’ morbidity and mortality.

Predicting severity of disease is important for several 
reasons. Not only does an accurate prediction help the 
clinician prepare the patient and his or her family for 
what to expect, but it is also very useful to the clinician in 
terms of individualizing management, as the heterogeneity 
of the clinical presentation and course of IBD requires a 
personalized approach. 

In the past decade, we have seen huge advances in 
IBD therapeutics, with several emerging pharmacologic 
agents and strategies. We already know that initiation of 
more aggressive treatment early in the course of the disease 
can result in better outcomes.1 However, we also know 
that more aggressive therapies can lead to a greater chance 
of toxicity and adverse effects such as infections and 
malignancy.2-4 If clinicians could better predict the sub-
groups of patients most likely to have the worst outcomes 
and, therefore, the greatest benefit from therapy, they 
could better tailor therapy and select the ideal monitoring 
strategy for each patient. This approach would minimize 
toxicity and lead to more efficient use of resources. 

Predicting outcomes can not only help guide the cli-
nician’s choice of the optimal initial therapy but may also 
be useful when adjusting treatment. For example, patients 
in remission with combination therapy who have a low 
probability of relapse or disease progression may be able 
to de-escalate to a single-agent regimen, possibly improv-
ing the safety profile of the treatment.

This review will summarize the most studied predic-
tors of severe disease for both CD and UC (Tables 1 and 
2). As with diagnosis, we still do not have a reliable way 
to predict which patients will develop more aggressive 
disease, but the combination of variables reviewed in this 
paper can help clinicians choose which strategy will most 
likely benefit their patients.

In this review, aggressive UC is defined as disease that 
is associated with a high relapse rate (need for 2 or more 
courses of steroids and/or hospitalization for flares of dis-
ease after initial diagnosis despite optimal treatment with 
mesalamine and an immunomodulator), need for surgery, 
development of colon cancer, or the presence of extraint-
estinal manifestations (EIMs). Aggressive CD is defined as 
being characterized by penetrating disease, hospitalization 
for flares or complications of the disease, need for surgery, 
or EIMs involving 2 or more extraintestinal systems. 
Although we also considered including stricturing disease 
in this group, it may not truly represent aggressive disease, 
since the natural history of CD suggests that persistent 
inflammation over long periods of time leads to fibrosis and 
stricturing, perhaps suggesting more indolent disease.5,6 
Patients with a poor response to currently available treat-
ments were also considered to have aggressive IBD.

Clinical Factors

Age
Whether there is a difference in the exact etiology of 
IBD between patients with childhood-onset disease com-
pared to those who develop the disease as adults remains 
unclear. Clinical and population-based studies have shown 
that patients who present at a younger age (particularly  
<40 years) have more extensive and complicated disease in 
both UC and CD and have a higher risk of developing fis-
tulae and corticosteroid dependency in CD.7-13 It is possible 
that if even younger patients (<20 years at presentation) are 
considered, disease may be even more aggressive. 

In UC, age of diagnosis seems to have a variable 
impact on prognosis. In a study from the Netherlands, 
older age at diagnosis increased the risk for flares during 
the first year, but older patients had a more benign course 
over the long term.14 Using the Mayo score as a severity 
scale, a Canadian study showed that patients diagnosed at a 
younger age had worse UC.15 Lee and colleagues also found 
that, at presentation, patients younger than 40 years of age 
had more diarrhea, pancolitis, and use of corticosteroids.9 
These findings may be explained by the fact that patients 
with more genetic risk factors and environmental triggers 
will present with symptoms earlier.

Disease onset at a younger age has also been found to 
be an independent predictor of aggressive disease by Etch-
evers and coauthors.16 One study showed that patients 
who present with UC at 45 years of age or older have 
fewer relapses.17 Even though patients diagnosed with UC 

Table 1. Variables at Diagnosis Associated with Aggressive 
Crohn’s Disease

• Younger age (<40 years) 

• Perianal disease

• Stenotic disease

• Involvement of the upper gastrointestinal tract

• Need for corticosteroids on the first flare-up

•  Lack of mucosal healing after induction of clinical 
remission

• Smoking

• Presence of epithelioid granulomas

• Higher titers of ASCA, anti-OmpC, and anti-CBir1

•  Mutations in the NOD2/CARD15, ATG16L1, 
and MDR1 genes

Anti-CBir1=antibody against flagellin expressed by Clostridial phylum;  
anti-OmpC=antibody to the outer membrane porin of Escherichia coli; 
ASCA=anti–Saccharomyces cerevisiae antibody.
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at an earlier age may present with more severe disease, a 
Canadian study found that those diagnosed later in life 
(>40 years of age) had a higher risk of developing colon 
cancer.18 Whether this finding is because the patients had 
undiagnosed colitis for a longer period of time or whether 
there is a distinct colitis-associated cancer pathway in 
these individuals remains uncertain. These results did not 
corroborate a Swedish study that reported that patients 
who were 15 years or younger at diagnosis had a signifi-
cantly higher risk of developing colon cancer.19

Despite the fact that age does not appear to impact 
response to treatment, Ferrante and colleagues demonstrated 
that, among UC patients who were treated with infliximab 
(Remicade, Centocor), younger patients had a higher rate 
of disease remission, while patients with a disease duration 
of more than 2 years had a lower response rate to biologic 
medications.20,21 Page and coauthors found that patients 
60 years of age or older had an increased risk of develop-
ing complications and an increased length of stay after 
IBD-related surgery, which was not explained by a higher 
prevalence of comorbidities or immunosuppressive drugs.22

Gender 
When comparing males and females, no differences have 
been found in the development of disabling CD or response 
to biologic agents, but women may have a higher risk of 
intestinal resection and requiring surgery in CD.8,11,12,23 In 
UC, there has been no gender difference in outcomes.17

EIMs seem to be more frequent in females.24 Bernstein 
and colleagues found several differences regarding gender, as 
iritis/uveitis and peripheral arthritis are seen more frequently 
in women; conversely, primary sclerosing cholangitis and 
ankylosing spondylitis are more common in men.12,25,26

Race and Ethnicity
Only a few studies have looked at the role that race and 
ethnicity play in the course of IBD. Early investigations 
with a small number of patients reported that IBD mani-

festations were more severe in the African-American (AA) 
population.27,28 A large cohort study found that both His-
panic and non-Hispanic whites were less likely than AA 
patients to have undergone bowel resection for CD, but 
whites had a higher rate of perianal disease.29 The same 
study found that Hispanics had a significantly higher rate 
of colectomy and refractory UC. Nguyen and coworkers 
also looked at the prevalence of EIMs; compared to the 
white population, Hispanic patients had more erythema 
nodosum, while AA patients were at higher risk for uveitis 
and sacroiliitis.29 Several other studies have shown no dif-
ferences in severity of disease among races.30,31 

It is not clear if the varying results are due to underly-
ing genotypic differences or disparities in access to health-
care; perhaps future genome-wide association studies can 
better address this question.32,33 Also, race and ethnicity 
are usually self-reported, so these studies have inherent 
limitations created by inconsistencies in reporting.

Family History of Inflammatory Bowel Disease
Familial clustering of IBD has been well studied.34 A cor-
relation has also been found between phenotypes within 
families, especially in CD.35,36 When comparing familial 
IBD (defined as having a first-degree family member with 
the disease) versus sporadic IBD, no differences in disease 
behavior have been reported, even though the familial cases 
are usually diagnosed at a younger age.37 However, patients 
with IBD who have a positive family history have a higher 
chance of having medically refractory UC and EIMs.38,39

Disease Phenotype
The presentation and natural history of IBD can vary, with 
a wide spectrum of manifestations and locations of disease. 
For the purposes of this paper, we have characterized loca-
tion and phenotype based on the Montreal classification 
system. CD is classified as ileal, colonic, ileocolonic, or 
isolated upper tract disease; UC is characterized as proctitis, 
left-sided disease, or extensive involvement.

Beaugerie and colleagues found that patients with CD 
who present with perianal disease at diagnosis had a signifi-
cant risk of having a complicated disease course during the 
subsequent 5 years.12 A study in Belgium validated these 
results and added weight loss (>5 kg), fever (>38° C), and 
stenotic disease as markers of poor prognosis.40 The presence 
of strictures at diagnosis has been described as a predictor 
of subsequent development of penetrating disease and 
corticosteroid-refractory disease but not perianal disease.7,41 
Another analysis in an Asian population showed that 
involvement of the upper gastrointestinal tract was an inde-
pendent predictor of more complicated disease, including 
hospitalizations.42 This finding matches the results of several 
other studies in whites.43 Patients with perianal disease also 
carry a higher risk of needing a permanent stoma.44

Table 2. Variables at Diagnosis Associated with Aggressive 
Ulcerative Colitis

• Younger age (<40 years)

• Pancolitis

• Development of primary sclerosing cholangitis

•  Lack of mucosal healing after induction of clinical 
remission

• Deep ulcerations in the colonic mucosa

• Higher levels of pANCA

pANCA=perinuclear antineutrophil cytoplasmic antibody.
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Fistulizing disease has repeatedly been found to be pre-
dictive of a more severe course, and studies have also shown 
that patients with fistulizing disease have a poor response to 
antimetabolites and a higher corticosteroid requirement.45,46 
Corticosteroid use may actually worsen the disease course 
in fistulizing disease by inhibiting wound healing. Patients 
who require corticosteroid therapy during their first CD 
flare are also more likely to develop more disabling dis-
ease, and the subgroup of CD patients who have upper 
tract involvement is more likely to become corticosteroid-
dependent.12,47 When compared to patients with ileal or 
ileocolonic involvement, patients with CD that is limited 
to the colon have a lower rate of surgery.48,49 Interestingly, 
those CD cases that were initially diagnosed as UC have an 
increased risk of needing a surgical procedure.8

In UC, patients with pancolitis have a higher risk of 
developing intractable disease, experiencing rectal bleed-
ing, and having difficulty maintaining weight compared 
to patients with left-sided colitis and proctitis.50 The 
presence of EIMs at the time of diagnosis has also been 
found to increase the risk of colectomy.7 The subgroup of 
patients with extensive disease (pancolitis) and those who 
develop primary sclerosing cholangitis are more prone to 
develop colonic malignancies.51,52

Endoscopic Findings

Endoscopy is a critical element in the diagnostic algorithm 
of IBD; it can also be used to predict disease behavior. A 
French study found that after a median follow-up period of  
52 months, patients with active colonic or ileocolonic CD 
who exhibited deep and extensive ulcerations during colo-
noscopy had a higher risk of developing penetrating disease 
and requiring surgical intervention.53 In UC, the presence 
of deep ulcerations and extensive disease is also predictive of 
more aggressive disease, failure of medical treatment, and a 
higher rate of colectomy.54,55 Even though the extent of dis-
ease at diagnosis predicts subsequent need for immunomod-
ulatory agents and the probability of needing a colectomy, 
it does not affect the risk of relapse.56,57 It is important to 
mention that while this last study did not find a relationship 
between the extent of disease and risk of relapse, Henriksen 
and coauthors found that the 5-year relapse rate was 78%.57 

Lack of mucosal healing after induction therapy has 
also been postulated to be a marker of aggressive disease. A 
large cohort study conducted in Norway, which included 
patients with UC and CD, found that patients who failed 
to achieve mucosal healing after their first year of disease 
subsequently had greater disease activity and an increased 
need for medical treatment, including corticosteroid 
therapy.51 Schnitzler and coworkers found that, among 
patients with CD who showed a symptomatic response 
to infliximab, those who did not achieve mucosal heal-

ing had a higher chance of needing major abdominal 
surgery.58 Similarly, results from an Italian study revealed 
that lack of mucosal healing after corticosteroid therapy 
in UC was associated with a more severe disease course.18

Environmental Factors

Smoking is one of the most studied prognostic factors 
in IBD; interestingly, the impact that smoking has on 
CD differs compared with UC. Not only is smoking 
considered to be a risk factor for developing CD, but it 
has also been found to have a detrimental effect on the 
clinical course of patients with CD.59 Multiple studies 
have found that smokers with CD have a higher risk 
of requiring surgery, developing fistulae, having worse 
symptomatology, and relapsing.25,59-62 These effects seem 
to be reversible with tobacco cessation.63

This phenomenon is not seen in UC, where data 
suggest that smoking may actually improve outcomes.64 
Van der Heide and colleagues found that, among patients 
from a university hospital in the Netherlands, smokers 
with UC required less corticosteroid and immunomodu-
lator therapy and had a lower rate of admission for flares 
of UC when compared to nonsmokers.64 However, the 
same authors failed to find a beneficial effect of smoking 
in a group of patients from a different community hos-
pital.65 Other studies have also shown no differences in 
the rates of UC relapse or response to treatment between 
smokers and nonsmokers.66-68

The role of smoking as a protective factor in the 
development of pouchitis after a total colectomy has also 
been controversial.69 Smoking does not seem to affect the 
incidence of colon carcinoma in these patients.59 None-
theless, smoking increases the risk of developing surgical 
complications in both UC and CD.70 

Appendectomy is another common environmental 
factor that can influence both the risk of developing 
disease and the course of both UC and CD. As with 
smoking, appendectomy seems to have opposite effects 
based on the disease. Appendectomy as a risk factor for 
the development of CD has been a controversial topic; 
while some studies show that appendectomy can increase 
the risk of CD, other studies contest these findings.71-73 
Appendectomy has been shown to increase the risk for 
surgical resection in CD, but other studies have not 
found an increase in disease severity.72,74

In UC, appendectomy not only decreases the risk 
of developing the disease but also protects the patient 
against developing severe disease and reduces the need for 
colectomy.71,75,76 This benefit seems to be associated with 
appendectomies performed for inflammatory conditions 
(appendicitis and lymphadenitis), and this benefit is seen 
in all age groups.82,83
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Use of oral contraceptives (OCPs) has also been 
considered as a potential predictor of more aggressive 
CD. A prospective study found that women exposed to 
OCPs (current or former) were at increased risk for CD 
relapse.77 However, these findings could be confounded 
by the fact that younger women (<40 years of age) use 
more OCPs, and, as mentioned before, younger age is an 
independent risk factor for worse prognosis. Intriguingly, 
the potential influence of OCPs in the natural course of 
CD may be dependent on the dose and the concomitant 
use of cigarettes.78 Overall, strong evidence to support the 
restriction of OCPs in these patients is lacking.

Histopathology

Epithelioid granulomas are one of the most characteristic 
findings in biopsies of patients with CD, although only 
approximately 15–25% of patients with CD present 
with epithelioid granulomas.79,80 Their presence has been 
linked to more complicated disease (stricturing or pen-
etrating complications, need for surgery, and hospitaliza-
tions for flares) in both adults and children.79,81,82 Bataille 
and coauthors found that an excess of lymphocytes and 
eosinophils in the lamina propria, crypt atrophy, and the 
absence of lymphocytes in the epithelium were predictive 
of uncomplicated disease.43

In UC, infiltration of plasma cells in the lower  
one third of the mucosa and crypt atrophy were associated 
with a shorter time to relapse.66 An interesting study by Mel-
son and colleagues showed that the histologic predictors of 
refractory UC seem to differ by age groups.83 In this analysis, 
lymphoid follicles were predictive of medically refractory 
disease in patients 38 years of age and younger, while severe 
cryptitis was more predictive in the older population.83 
Severe pancolitis, fissuring ulcers, and appendiceal ulceration 
in the resected specimen increase the risk of pouchitis among 
patients who have undergone a total proctocolectomy (TPC) 
with ileal pouch–anal anastomosis (IPAA).84

Biomarkers

Serologic Markers
Serologic markers exploit the antibody response to self or 
foreign antigens. Several immune-mediated antibodies 
against microbial antigens have been described in both 
CD and UC.85 Because of the great complexity of the 
pathophysiology of IBD, the number of potential anti-
bodies is high, but the most studied antibodies are peri-
nuclear antineutrophil cytoplasmic antibody (pANCA), 
anti–Saccharomyces cerevisiae antibody (ASCA), anti-
body to the outer membrane porin of Escherichia coli 
(anti-OmpC), antibody against flagellin expressed by 
Clostridial phylum (anti-CBir1), anti–chitobioside car-

bohydrate antibody, anti–laminaribioside carbohydrate 
antibody, and anti–mannobioside carbohydrate anti-
body. Evidence suggests that these antibodies can help 
to establish a diagnosis of IBD and to differentiate CD 
from UC, particularly when used in combination.86,87 
Can these antibodies help to predict disease severity? 
Data suggest that the presence and level of these anti-
microbial antibodies correlate with disease complica-
tions, need for surgery, and response to treatment.20,88

In CD, multiple studies have linked the presence of 
these antibodies to more complicated disease, including 
fibrostenosis, internal penetrating disease, and increased 
need for surgical interventions involving the small 
bowel.89,90 ASCA has been associated with internal pen-
etrating disease and early need for surgery.8,91 By using 
the quartile sum score technique based on the number 
of elevated antibodies, Dubinsky and coworkers exam-
ined how the degree of immune response to ASCA, 
anti-OmpC, and anti-CBir1 correlated with internal 
penetrating and stricturing disease and the need for sur-
gery in a large pediatric CD cohort.92 This study found 
that both the number and level of immune responses 
to the studied antibodies were predictive of aggressive 
disease phenotypes.92

Serology has also been used to predict EIMs, risk 
of complications, and response to treatment. A posi-
tive pANCA test result correlates with the likelihood of 
developing erythema nodosum.93 In patients with UC 
who undergo TPC with IPAA, higher preoperative levels 
of pANCA and anti-CBir1 are predictors of develop-
ment of chronic pouchitis.94,95 Conversely, patients with 
negative serology test results for pANCA have a better 
response to infliximab.23

Inflammatory Markers
The most commonly used surrogate markers of systemic 
inflammation are C-reactive protein and erythrocyte 
sedimentation rate. These markers are readily available 
but have not proven to be good predictors of disease 
behavior, even though patients with higher levels of 
these markers are more prone to relapse and require more 
corticosteroid therapy.46,66,96,97 Some studies have tried 
to use these inflammatory markers as predictors of col-
ectomy; although there is some correlation with risk for 
colectomy, the predictive value of these markers is poor.98 
Other markers, including plasma cytokines—interleu-
kin (IL)-1B, IL-6, IL-8, and tumor necrosis factor-α 
(TNF-α)—have not been found to be associated with 
risk of UC relapse.99,100

In CD, serum levels of ILs have also been studied. 
Even though higher concentrations of these markers cor-
relate with the risk of relapse, their role in disease progno-
sis and their clinical application are limited.101,102
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Fecal Markers
Stool biomarkers have been studied to evaluate their abil-
ity to predict the level of gastrointestinal tract inflamma-
tion and disease phenotype.103 Several markers have been 
described to date. Calprotectin is a calcium-binder protein 
found in neutrophils. High levels of fecal calprotectin cor-
relate with higher relapse rates in both UC and CD.79,104,105 
Lactoferrin is an iron-binding glycoprotein found in the 
secretory granules of neutrophils that has also been found 
to predict relapse in IBD.105

M2-pyruvate kinase (M2-PK) and S100A12 are 2 other 
fecal inflammatory markers that have been proposed for 
clinical use in IBD. M2-PK is an enzyme that participates in 
the production of adenosine triphosphate and can be found 
at high levels in patients with IBD. S100A12 is a protein 
expressed by activated granulocytes that are involved in the 
innate immune response.106,107 In a prospective, multicenter 
study, Turner and coworkers found that, while M2-PK can 
predict intravenous corticosteroid treatment failure in severe 
UC, S100A12 was not found to have any predictive utility.108

Genetic Markers
The development of IBD is determined by the influence 
of the environment in a genetically susceptible individual. 
Multiple genes have been associated with the risk of develop-
ing IBD, but only a few genes have been linked with the 
development of a more complicated disease course.109

The most studied gene in IBD is NOD2/CARD15. 
Several mutations in this gene have been found to predict 
the development of small bowel stenosis and the need for 
early surgery in CD.110-114 Among the most analyzed poly-
morphisms, 3020insC and G908R have been associated 
with stricturing disease in CD, and the 3020insC poly-
morphism has also been linked with the need for surgery.115 
Studies have failed to find a clear relationship between 
NOD2/CARD15 polymorphisms and the likelihood of 
response to anti-TNF agents.109,112

The ATG16L1 gene encodes for a protein that par-
ticipates in autophagy.116 Mutations in this gene have 
been associated not only with stricturing disease but also 
with perianal involvement in CD.115,117

The multidrug resistance 1 gene (MDR1) encodes 
a glycoprotein expressed in the bowel epithelium and 
lymphocytes that transports substrates (including drugs) 
across the cell membrane.118 Mutations in the MDR1 
gene have been associated not only with more severe 
IBD but also with resistance to treatment.119

Finally, multiple studies have observed a relation-
ship between TNF-α gene polymorphisms and lack of 
response to infliximab, but results of these studies have 
been variable.21 By using microarray technology, Arijs and 
coworkers compared mucosal expression of messenger 
RNA in patients with UC who responded to infliximab 
versus expression in patients who did not respond.120 

Nonresponders expressed higher levels of genes involved 
in the inflammatory pathway.120

Conclusion

Predicting prognosis in patients with IBD is not easy. The 
pathophysiology of IBD is extremely complex, as multiple 
environmental factors interact with the genotype of an indi-
vidual to cause expression of disease. The ability to predict 
which patients will develop aggressive disease and target more 
intensive, early treatment to that group would be invaluable. 

Clinical variables, phenotypes of disease, serologic and 
fecal markers, and genetic tests are available, but unfortu-
nately none of them is highly predictive when used alone. 
Biologic and genetic markers are currently being developed, 
and some of them may prove to be highly predictive; how-
ever, clinical indices are still superior today, as they are more 
accessible and cost-effective. Endoscopic criteria (particularly 
mucosal healing) have also been shown to be helpful for 
predicting prognosis, which raises the question of whether 
clinicians should be aiming for symptomatic remission 
or endoscopic remission. Further studies are warranted to 
assess whether the previously mentioned prognostic variables 
improve decision-making and affect patient outcomes. 

References

1. Colombel JF, Sandborn WJ, Reinisch W, et al. Infliximab, azathioprine, or 
combination therapy for Crohn’s disease. N Engl J Med. 2010;362:1383-1395.
2. Toruner M, Loftus EV Jr, Harmsen WS, et al. Risk factors for opportunistic infec-
tions in patients with inflammatory bowel disease. Gastroenterology. 2008;134:929-936.
3. Lichtenstein GR, Feagan BG, Cohen RD, et al. Serious infections and mortal-
ity in association with therapies for Crohn’s disease: TREAT registry. Clin Gastro-
enterol Hepatol. 2006;4:621-630.
4. Kandiel A, Fraser AG, Korelitz BI, Brensinger C, Lewis JD. Increased risk of 
lymphoma among inflammatory bowel disease patients treated with azathioprine 
and 6-mercaptopurine. Gut. 2005;54:1121-1125.
5. Cosnes J, Cattan S, Blain A, et al. Long-term evolution of disease behavior of 
Crohn’s disease. Inflamm Bowel Dis. 2002;8:244-250. 
6. Lichtenstein G, Olson A, Travers S, et al. Factors associated with the develop-
ment of intestinal strictures or obstructions in patients with Crohn’s disease. Am J 
Gastroenterol. 2006;101:1030-1038. 
7. Gower-Rousseau C, Dauchet L, Vernier-Massouille G, et al. The natural history 
of pediatric ulcerative colitis: a population-based cohort study. Am J Gastroenterol. 
2009;104:2080-2088.
8. Gupta N, Cohen S, Bostrom A, et al. Risk factors for initial surgery in pediatric 
patients with Crohn’s disease. Gastroenterology. 2006;130:1069-1077. 
9. Lee J, Cheon J, Moon C, et al. Do patients with ulcerative colitis diagnosed at 
a young age have more severe disease activity than patients diagnosed when older? 
Digestion. 2010;81:237-243. 
10. Van Limbergen J, Russell RK, Drummond HE, et al. Definition of pheno-
typic characteristics of childhood-onset inflammatory bowel disease. Gastroenterol-
ogy. 2008;135:1114-1122.
11. Solberg IC, Vatn MH, Høie O, et al; IBSEN Study Group. Clinical course in 
Crohn’s disease: results of a Norwegian population-based ten-year follow-up study. 
Clin Gastroenterol Hepatol. 2007;5:1430-1438.
12. Beaugerie L, Seksik P, Nion-Larmurier I, Gendre JP, Cosnes J. Predictors of 
Crohn’s disease. Gastroenterology. 2006;130:650-656. 
13. Pigneur B, Seksik P, Viola S, et al. Natural history of Crohn’s disease: comparison 
between childhood- and adult-onset disease. Inflamm Bowel Dis. 2010;16:953-961.
14. Romberg-Camps M, Dagnelie P, Kester A, et al. Influence of phenotype at 
diagnosis and of other potential prognostic factors on the course of inflammatory 
bowel disease. Am J Gastroenterol. 2009;104:371-383.



658    Gastroenterology & Hepatology  Volume 7, Issue 10  October 2011

Y A r u r   e t   A l

15. Roth LS, Chande N, Ponich T, Roth ML, Gregor J. Predictors of disease 
severity in ulcerative colitis patients from Southwestern Ontario. World J Gastro-
enterol. 2010;16:232-236. 
16. Etchevers M, Aceituno M, García-Bosch O, et al. Risk factors and characteristics 
of extent progression in ulcerative colitis. Inflamm Bowel Dis. 2009;15:1320-1325. 
17. Ardizzone S, Cassinotti A, Duca P, et al. Mucosal healing predicts late 
outcomes after the first course of corticosteroids for newly diagnosed ulcerative 
colitis. Clin Gastroenterol Hepatol. 2011;9:483-489. 
18. Karvellas CJ, Fedorak RN, Hanson J, Wong CK. Increased risk of colorectal 
cancer in ulcerative colitis patients diagnosed after 40 years of age. Can J Gastro-
enterol. 2007;21:443-446.
19. Ekbom A, Helmick C, Zack M, Adami HO. Ulcerative colitis and colorectal 
cancer. A population-based study. N Engl J Med. 1990;323:1228-1233.
20. Ferrante M, Vermeire S, Katsanos KH, et al. Predictors of early response to 
infliximab in patients with ulcerative colitis. Inflamm Bowel Dis. 2007;13:123-128.
21. Siegel CA, Melmed GY. Predicting response to anti-TNF agents for the treat-
ment of Crohn’s disease. Therap Adv Gastroenterol. 2009;2:245-251. 
22. Page MJ, Poritz LS, Kunselman SJ, Koltun WA. Factors affecting surgical risk in 
elderly patients with inflammatory bowel disease. J Gastrointest Surg. 2002;6:606-613.
23. Jürgens M, Laubender R, Hartl F, et al. Disease activity, ANCA, and IL23R 
genotype status determine early response to infliximab in patients with ulcerative 
colitis. Am J Gastroenterol. 2010;105:1811-1819.
24. Vavricka S, Brun L, Ballabeni P, et al. Frequency and risk factors for extrain-
testinal manifestations in the Swiss inflammatory bowel disease cohort. Am J 
Gastroenterol. 2011;106:110-119. 
25. Bernstein C, Blanchard J, Rawsthorne P, Yu N. The prevalence of extrain-
testinal diseases in inflammatory bowel disease: a population-based study. Am J 
Gastroenterol. 2001;96:1116-1122. 
26. Yüksel I, Ataseven H, Başar Ö, et al. Peripheral arthritis in the course of 
inflammatory bowel diseases. Dig Dis Sci. 2011;56:183-187.
27. Goldman C, Kodner I, Fry R, MacDermott RP. Clinical and operative experience 
with non-Caucasian patients with Crohn’s disease. Dis Colon Rectum. 1986;29:317-321. 
28. Simsek H, Schuman BM. Inflammatory bowel disease in 64 black patients: 
analysis of course, complications, and surgery. J Clin Gastroenterol. 1989;11:294-298. 
29. Nguyen G, Torres E, Regueiro M, et al. Inflammatory bowel disease characteris-
tics among African Americans, Hispanics, and non-Hispanic whites: characterization 
of a large North American cohort. Am J Gastroenterol. 2006;101:1012-1023. 
30. Cross R, Jung C, Wasan S, Joshi G, Sawyer R, Roghmann MC. Racial differences in 
disease phenotypes in patients with Crohn’s disease. Inflamm Bowel Dis. 2006;12:192-198. 
31. Flasar M, Quezada S, Bijpuria P, Cross RK. Racial differences in disease 
extent and severity in patients with ulcerative colitis: a retrospective cohort study. 
Dig Dis Sci. 2008;53:2754-2760. 
32. Straus W, Eisen G, Sandler R, et al. Crohn’s disease: does race matter? The 
Mid-Atlantic Crohn’s Disease Study Group. Am J Gastroenterol. 2000;95:479-483. 
33. Jackson JF, Kornbluth A. Do black and Hispanic Americans with inflamma-
tory bowel disease (IBD) receive inferior care compared with white Americans? 
Uneasy questions and speculations. Am J Gastroenterol. 2007;102:1343-1349. 
34. Orholm M, Munkholm P, Langholz E, Nielsen OH, Sørensen TI, Binder V. 
Familial occurrence of inflammatory bowel disease. N Engl J Med. 1991;324:84-88. 
35. Halfvarson J. Genetics in twins with Crohn’s disease: less pronounced than 
previously believed? Inflamm Bowel Dis. 2010;17:6-12. 
36. Bayless TM, Tokayer AZ, Polito JM 2nd, Quaskey SA, Mellits ED, Harris 
ML. Crohn’s disease: concordance for site and clinical type in affected family 
members—potential hereditary influences. Gastroenterology. 1996;111:573-579. 
37. Henriksen M, Jahnsen J, Lygren I, Vatn MH, Moum B; IBSEN Study 
Group. Are there any differences in phenotype or disease course between familial 
and sporadic cases of inflammatory bowel disease? Results of a population-based 
follow-up study. Am J Gastroenterol. 2007;102:1955-1963. 
38. Haritunians T, Taylor K, Targan S, et al. Genetic predictors of medically 
refractory ulcerative colitis. Inflamm Bowel Dis. 2010;16:1830-1840. 
39. Halme L, Turunen U, Helio T, et al. Familial and sporadic inflammatory 
bowel disease: comparison of clinical features and serological markers in a geneti-
cally homogeneous population. Scand J Gastroenterol. 2002;37:692-698.
40. Loly C, Belaiche J, Louis E. Predictors of severe Crohn’s disease. Scand J 
Gastroenterol. 2008;43:948-954. 
41. Papi C, Festa V, Fagnani C, et al. Evolution of clinical behaviour in Crohn’s dis-
ease: predictive factors of penetrating complications. Dig Liver Dis. 2005;37:247-253. 
42. Chow DK, Sung JJ, Wu JC, Tsoi KK, Leong RW, Chan FK. Upper gastro-
intestinal tract phenotype of Crohn’s disease is associated with early surgery and 
further hospitalization. Inflamm Bowel Dis. 2009;15:551-557. 
43. Bataille F, Klebl F, Rümmele P, et al. Histopathological parameters as predic-
tors for the course of Crohn’s disease. Virchows Arch. 2003;443:501-507. 

44. Mueller MH, Geis M, Glatzle J, et al. Risk of fecal diversion in complicated 
perianal Crohn’s disease. J Gastrointest Surg. 2007;11:529-537.
45. Lecomte T, Contou JF, Beaugerie L, et al. Predictive factors of response of 
perianal Crohn’s disease to azathioprine or 6-mercaptopurine. Dis Colon Rectum. 
2003;46:1469-1475. 
46. Papi C, Festa V, Leandro G, et al. Long-term outcome of Crohn’s disease fol-
lowing corticosteroid-induced remission. Am J Gastroenterol. 2007;102:814-819. 
47. Krupoves A, Mack DR, Seidman EG, Deslandres C, Bucionis V, Amre DK. 
Immediate and long-term outcomes of corticosteroid therapy in pediatric Crohn’s 
disease patients. Inflamm Bowel Dis. 2011;17:954-962.
48. Sands B, Arsenault J, Rosen M, et al. Risk of early surgery for Crohn’s disease: 
implications for early treatment strategies. Am J Gastroenterol. 2003;98:2712-2718. 
49. Oriuchi T, Hiwatashi N, Kinouchi Y, et al. Clinical course and longterm 
prognosis of Japanese patients with Crohn’s disease: predictive factors, rates of 
operation, and mortality. J Gastroenterol. 2003;38:942-953. 
50. Farmer R, Easley K, Rankin G. Clinical patterns, natural history, and pro-
gression of ulcerative colitis. A long-term follow-up of 1116 patients. Dig Dis Sci. 
1993;38:1137-1146. 
51. Frøslie KF, Jahnsen J, Moum BA, Vatn MH; IBSEN Group. Mucosal healing 
in inflammatory bowel disease: results from a Norwegian population-based cohort. 
Gastroenterology. 2007;133:412-422.
52. Rioux K. What is the prognosis of ulcerative colitis? Inflamm Bowel Dis. 
2008;14:S52-S53. 
53. Allez M. Role of endoscopy in predicting the disease course in inflammatory 
bowel disease. World J Gastroenterol. 2010;16:2626-2632. 
54. Carbonnel F, Lavergne A, Lémann M, et al. Colonoscopy of acute colitis. A 
safe and reliable tool for assessment of severity. Dig Dis Sci. 1994;39:1550-1557. 
55. Ho GT, Mowat C, Goddard CJ, et al. Predicting the outcome of severe ulcer-
ative colitis: development of a novel risk score to aid early selection of patients for sec-
ond-line medical therapy or surgery. Aliment Pharmacol Ther. 2004;19:1079-1087. 
56. Lau A, Chande N, Ponich T, Gregor JC. Predictive factors associated with 
immunosuppressive agent use in ulcerative colitis: a case-control study. Aliment 
Pharmacol Ther. 2008;28:606-613.
57. Henriksen M, Jahnsen J, Lygren I, et al. Ulcerative colitis and clinical course: 
results of a 5-year population-based follow-up study (the IBSEN study). Inflamm 
Bowel Dis. 2006;12:543-550.
58. Schnitzler F, Fidder H, Ferrante M, et al. Mucosal healing predicts long-term 
outcome of maintenance therapy with infliximab in Crohn’s disease. Inflamm 
Bowel Dis. 2009;15:1295-1301. 
59. Rubin DT, Hanauer SB. Smoking and inflammatory bowel disease. Eur J 
Gastroenterol Hepatol. 2000;12:855-862. 
60. Lindberg E, Järnerot G, Huitfeldt B. Smoking in Crohn’s disease: effect on 
localisation and clinical course. Gut. 1992;33:779-782. 
61. Cottone M, Scimeca D, Mocciaro F, Civitavecchia G, Perricone G, Orlando 
A. Clinical course of ulcerative colitis. Dig Liver Dis. 2008;40(suppl 2):S247-S252. 
62. Russel MG, Nieman FH, Bergers JM, Stockbrügger RW. Cigarette smoking 
and quality of life in patients with inflammatory bowel disease. South Limburg 
IBD Study Group. Eur J Gastroenterol Hepatol. 1996;8:1075-1081. 
63. Cosnes J, Beaugerie L, Carbonnel F, Gendre JP. Smoking cessation and the course 
of Crohn’s disease: an intervention study. Gastroenterology. 2001;120:1093-1099. 
64. van der Heide F, Dijkstra A, Weersma RK, et al. Effects of active and passive 
smoking on disease course of Crohn’s disease and ulcerative colitis. Inflamm Bowel 
Dis. 2009;15:1199-1207. 
65. van der Heide F, Wassenaar M, van der Linde K, Spoelstra P, Kleibeuker JH,  
Dijkstra G. Effects of active and passive smoking on Crohn’s disease and ulcerative coli-
tis in a cohort from a regional hospital. Eur J Gastroenterol Hepatol. 2011;23:255-261. 
66. Bitton A, Peppercorn MA, Antonioli DA, et al. Clinical, biological, and his-
tologic parameters as predictors of relapse in ulcerative colitis. Gastroenterology. 
2001;120:13-20. 
67. Benoni C, Nilsson A. Smoking habits in patients with inflammatory bowel 
disease. A case-control study. Scand J Gastroenterol. 1987;22:1130-1136. 
68. Domènech E, Carrión S, Garcia-Planella E, et al. Smoking status and response 
to thiopurines in steroid-dependent inflammatory bowel disease. Inflamm Bowel 
Dis. 2011;17:971-975.
69. Joelsson M, Benoni C, Oresland T. Does smoking influence the risk of pou-
chitis following ileal pouch anal anastomosis for ulcerative colitis? Scand J Gastro-
enterol. 2006;41:929-933.
70. Yarur AJ, Sussman DA, Deshpande AR, et al. Neutrophil-to-lymphocyte ratio 
as a predictor of surgical complications in inflammatory bowel disease. Gastroen-
terology. 2011;140(suppl 1):S-436. 
71. Radford-Smith G, Edwards J, Purdie D, et al. Protective role of appendicectomy 
on onset and severity of ulcerative colitis and Crohn’s disease. Gut. 2002;51:808-813. 



Gastroenterology & Hepatology  Volume 7, Issue 10  October 2011    659

P r e d I c t O r s   O f   A G G r e s s I V e   I B d

72. Riegler G, Caserta L, Esposito I, et al. Worse clinical course of disease in Crohn’s 
patients with previous appendectomy. Eur J Gastroenterol Hepatol. 2005;17:623-627. 
73. Kaplan GG, Pedersen BV, Andersson RE, Sands BE, Korzenik J, Frisch M. 
The risk of developing Crohn’s disease after an appendectomy: a population-based 
cohort study in Sweden and Denmark. Gut. 2007;56:1387-1392.
74. Cosnes J, Seksik P, Nion-Larmurier I, Beaugerie L, Gendre JP. Prior appendectomy and 
the phenotype and course of Crohn’s disease. World J Gastroenterol. 2006;12:1235-1242. 
75. Andersson R, Olaison G, Tysk C, Ekbom A. Appendectomy and protection 
against ulcerative colitis. N Engl J Med. 2001;344:808-814. 
76. Cosnes J, Carbonnel F, Beaugerie L, Blain A, Reijasse D, Gendre JP. Effects of 
appendicectomy on the course of ulcerative colitis. Gut. 2002;51:803-807. 
77. Timmer A, Sutherland L, Martin F. Oral contraceptive use and smoking are 
risk factors for relapse in Crohn’s disease. The Canadian Mesalamine for Remission 
of Crohn’s Disease Study Group. Gastroenterology. 1998;114:1143-1150. 
78. Wakefield AJ, Sawyerr AM, Hudson M, Dhillon AP, Pounder RE. Smoking, 
the oral contraceptive pill, and Crohn’s disease. Dig Dis Sci. 1991;36:1147-1150.
79. Heresbach D, Alexandre JL, Branger B, et al. Frequency and significance of 
granulomas in a cohort of incident cases of Crohn’s disease. Gut. 2005;54:215-222. 
80. Cook MG, Dixon MF. An analysis of the reliability of detection and diagnostic 
value of various pathological features in Crohn’s disease and ulcerative colitis. Gut. 
1973;14:255-262. 
81. Freeman HJ. Granuloma-positive Crohn’s disease. Can J Gastroenterol. 
2007;21:583-587.
82. Markowitz J, Kahn E, Daum F. Prognostic significance of epithelioid granulo-
mas found in rectosigmoid biopsies at the initial presentation of pediatric Crohn’s 
disease. J Pediatr Gastroenterol Nutr. 1989;9:182-186. 
83. Melson JE, Giusto D, Kwasny M, Eichenseer P, Jakate S, Keshavarzian A. 
Histopathology predictors of medically refractory ulcerative colitis. Dis Colon 
Rectum. 2010;53:1280-1286. 
84. Yantiss RK, Sapp HL, Farraye FA, et al. Histologic predictors of pouchitis 
in patients with chronic ulcerative colitis. Am J Surg Pathol. 2004;28:999-1006. 
85. Devlin SM, Dubinsky MC. Determination of serologic and genetic markers 
aid in the determination of the clinical course and severity of patients with IBD. 
Inflamm Bowel Dis. 2008;14:125-128. 
86. Abreu MT. Serologies in Crohn’s disease: can we change the gray zone to black 
and white? Gastroenterology. 2006;131:664-667. 
87. Dotan I. New serologic markers for inflammatory bowel disease diagnosis. Dig 
Dis. 2010;28:418-423. 
88. Palmon R, Brown SJ, Abreu MT. What is the role and significance of serum and stool 
biomarkers in the diagnosis of IBD? Inflamm Bowel Dis. 2008;14(suppl 2):S187-S189.
89. Ferrante M, Henckaerts L, Joossens M, et al. New serological markers in 
inflammatory bowel disease are associated with complicated disease behaviour. 
Gut. 2007;56:1394-1403. 
90. Mow W, Vasiliauskas E, Lin Y, et al. Association of antibody responses to 
microbial antigens and complications of small bowel Crohn’s disease. Gastroenter-
ology. 2004;126:414-424. 
91. Vasiliauskas EA, Kam L, Karp LC, Gaiennie J, Yang H, Targan SR. Marker 
antibody expression stratifies Crohn’s disease into immunologically homogeneous 
subgroups with distinct clinical characteristics. Gut. 2000;47:487-496. 
92. Dubinsky MC, Kugathasan S, Mei L, et al. Increased immune reactivity 
predicts aggressive complicating Crohn’s disease in children. Clin Gastroenterol 
Hepatol. 2008;6:1105-1111. 
93. Turkcapar N, Toruner M, Soykan I, et al. The prevalence of extraintestinal 
manifestations and HLA association in patients with inflammatory bowel disease. 
Rheumatol Int. 2006;26:663-668. 
94. Fleshner P, Ippoliti A, Dubinsky M, et al. Both preoperative perinuclear anti-
neutrophil cytoplasmic antibody and anti-CBir1 expression in ulcerative colitis 
patients influence pouchitis development after ileal pouch-anal anastomosis. Clin 
Gastroenterol Hepatol. 2008;6:561-568. 
95. Fleshner PR, Vasiliauskas EA, Kam LY, et al. High level perinuclear anti-
neutrophil cytoplasmic antibody (pANCA) in ulcerative colitis patients before 
colectomy predicts the development of chronic pouchitis after ileal pouch-anal 
anastomosis. Gut. 2001;49:671-677. 
96. Consigny Y, Modigliani R, Colombel JF, Dupas JL, Lémann M, Mary JY; 
Groupe d’Etudes Thérapeutiques des Affections Inflammatoires Digestives 
(GETAID). A simple biological score for predicting low risk of short-term relapse 
in Crohn’s disease. Inflamm Bowel Dis. 2006;12:551-557. 

97. Henriksen M, Jahnsen J, Lygren I, et al; IBSEN Study Group. C-reactive 
protein: a predictive factor and marker of inflammation in inflammatory 
bowel disease. Results from a prospective population-based study. Gut. 
2008;57:1518-1523. 
98. Moore JC, Thompson K, Lafleur B, et al. Clinical variables as prognostic tools 
in pediatric-onset ulcerative colitis: a retrospective cohort study. Inflamm Bowel 
Dis. 2011;17:15-21.
99. Yamamoto T, Umegae S, Kitagawa T, Matsumoto K. Systemic and local cyto-
kine production in quiescent ulcerative colitis and its relationship to future relapse: 
a prospective pilot study. Inflamm Bowel Dis. 2005;11:589-596. 
100. Nishio Y, Ando T, Maeda O, et al. Pit patterns in rectal mucosa assessed by 
magnifying colonoscope are predictive of relapse in patients with quiescent ulcer-
ative colitis. Gut. 2006;55:1768-1773. 
101. Reinisch W, Gasché C, Tillinger W, et al. Clinical relevance of serum inter-
leukin-6 in Crohn’s disease: single point measurements, therapy monitoring, and 
prediction of clinical relapse. Am J Gastroenterol. 1999;94:2156-2164. 
102. Van Kemseke C, Belaiche J, Louis E. Frequently relapsing Crohn’s disease 
is characterized by persistent elevation in interleukin-6 and soluble interleukin-2 
receptor serum levels during remission. Int J Colorectal Dis. 2000;15:206-210. 
103. Desai D, Faubion WA, Sandborn WJ. Review article: biological activity mark-
ers in inflammatory bowel disease. Aliment Pharmacol Ther. 2006;25:247-255. 
104. Tibble JA, Sigthorsson G, Bridger S, Fagerhol MK, Bjarnason I. Surrogate 
markers of intestinal inflammation are predictive of relapse in patients with inflam-
matory bowel diseases. Gastroenterology. 2000;119:15-22. 
105. Gisbert JP, Bermejo F, Pérez-Calle JL, et al. Fecal calprotectin and lactofer-
rin for the prediction of inflammatory bowel disease relapse. Inflamm Bowel Dis. 
2009;15:1190-1198. 
106. Czub E, Herzig KH, Szaflarska-Popawska A, et al. Fecal pyruvate kinase: a 
potential new marker for intestinal inflammation in children with inflammatory 
bowel disease. Scand J Gastroenterol. 2007;42:1147-1150.
107. Foell D, Kucharzik T, Kraft M, et al. Neutrophil derived human S100A12 
(EN-RAGE) is strongly expressed during chronic active inflammatory bowel dis-
ease. Gut. 2003;52:847-853.
108. Halfvarson J, Bodin L, Tysk C, Lindberg E, Järnerot G. Inflammatory bowel 
disease in a Swedish twin cohort: a long-term follow-up of concordance and clini-
cal characteristics. Gastroenterology. 2003;124:1767-1773. 
109. Van Limbergen J, Russell RK, Nimmo ER, Satsangi J. The genetics of 
inflammatory bowel disease. Am J Gastroenterol. 2007;102:2820-2831. 
110. Henckaerts L, Van Steen K, Verstreken I, et al. Genetic risk profiling and 
prediction of disease course in Crohn’s disease patients. Clin Gastroenterol Hepatol. 
2009;7:972-980. 
111. Hampe J, Grebe J, Nikolaus S, et al. Association of NOD2 (CARD 15) genotype 
with clinical course of Crohn’s disease: a cohort study. Lancet. 2002;359:1661-1665. 
112. Ahmad T, Armuzzi A, Bunce M, et al. The molecular classification of the 
clinical manifestations of Crohn’s disease. Gastroenterology. 2002;122:854-866. 
113. Seiderer J, Brand S, Herrmann KA, et al. Predictive value of the CARD15 
variant 1007fs for the diagnosis of intestinal stenoses and the need for surgery in 
Crohn’s disease in clinical practice: results of a prospective study. Inflamm Bowel 
Dis. 2006;12:1114-1121. 
114. Abreu MT, Taylor KD, Lin YC, et al. Mutations in NOD2 are associated 
with fibrostenosing disease in patients with Crohn’s disease. Gastroenterology. 
2002;123:679-688. 
115. Weersma RK, Stokkers PC, van Bodegraven AA, et al. Molecular prediction of 
disease risk and severity in a large Dutch Crohn’s disease cohort. Gut. 2009;58:388-395.
116. Mizushima N, Kuma A, Kobayashi Y, et al. Mouse Apg16L, a novel WD-
repeat protein, targets to the autophagic isolation membrane with the Apg12-Apg5 
conjugate. J Cell Sci. 2003;116(pt 9):1679-1688.
117. Turner D, Leach ST, Mack D, et al. Faecal calprotectin, lactoferrin, M2-pyru-
vate kinase and S100A12 in severe ulcerative colitis: a prospective multicentre com-
parison of predicting outcomes and monitoring response. Gut. 2010;59:1207-1212.
118. Ho G, Moodie FM, Satsangi J. Multidrug resistance 1 gene (P-glycoprotein 
170): an important determinant in gastrointestinal disease? Gut. 2003;52:759-766. 
119. Potocnik U, Ferkolj I, Glavac D, Dean M. Polymorphisms in multidrug resis-
tance 1 (MDR1) gene are associated with refractory Crohn disease and ulcerative 
colitis. Genes Immun. 2004;5:530-539.
120. Arijs I, Li K, Toedter G, et al. Mucosal gene signatures to predict response to 
infliximab in patients with ulcerative colitis. Gut. 2009;58:1612-1619. 


